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Introduction

The potential of Acacia nilotica (L.)
Del ssp. indica (Benth.) Brenan (locally
known as ‘babul’) as a multipurpose tree
has been recognized worldwide (National
Academy of Sciences 1980). This species is
found in tropical and sub-tropical Africa
and Asia, and throughout dry and hot
regions of India ranging from 9°N to 34°N
latitude and 72°E to 92°E longitude, and
ascending to an altitude of 900 m. It
withstands an absolute maximum
temperature of 50°C, minimum
temperature of —5°C and can be supported
by an annual rainfall of 75 to 1,300 mm.

Acacia nilotica ssp. indica is a small
sized nitrogen fixing tree and forms an
important source of timber, fuelwood,
fodder, tannin and gum on farmlands in
rural India. It has a strong vertical and
horizontal root system (Toky and Bisht,
1992), and a long shoot extension period of
more than 300 days with four peaks of leaf
flush (Bisht and Toky, 1993). Due to these
ecological characteristics, this tree is
exceedingly drought tolerant, survives on
difficult soil sites and is preferred for
reforestation of wastelands.

A few provenance trials on Acacia
nilotica ssp. indica have been conducted

in India and these studies reported
significant variation in seed characteristics
(Bagchi et al., 1990; Bagchi and Dobriyal,
1990a; Krishan and Toky, 1996b), seed
germination and seedling vigour (Bagchi
and Dobriyal, 1990b; Krishan and Toky,
1996a), growth in field (Krishan and Toky,
1995b), biochemical contents (Bagchi and
Singh, 1992; Krishan and Toky, 1995a)
among provenances covering almost the
entire semi-arid India. However, little work
has been done on selection of ‘plus’ trees of
Acacia nilotica ssp. indica and testing of
progenies.

Material and Methods

The seeds of 50 ‘plus’ trees of Acacia
nilotica ssp. indica were collected from
five states of Central India (21°14’ N to 29°
59' N lat., 72°38’ E to 85°20’ E long., 55 m
to 655 m altitude) (Fig.1). The criteria for
selection of trees were :

(i) straight tree bole,

(ii) superiority in height,

(ii1) conical shape of the canopy, and
(iv) free from diseases.

Ripe pods were sun-dried and seeds
were separated through manual threshing
to ensure the collection of undamaged
seeds. They were further cleaned through
winnowing (Doran et al., 1983) and
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Seed collection sites of Acacia nilotica ssp. indica
1-Kurukshetra (HR 1 to HR 4) ; 2-Rewari (HR 5 & HR 6); 3- Hisar (HR 7 to HR 10); 4-Raipur
(MP 1 to MP 5); 5-Jhansi (MP 6 to MP 9); 6-Bhopal (MP 10); 7-Bihar (BH 1 to BH 10); 8- Uttar
Pradesh (UP 1 to UP 10); 9 - Mehsana (GJ 1 to GJ 5) and 10- Gandhinagar (GJ 6 to GJ 10).
HR, Haryana; MP, Madhya Pradesh; BH, Bihar; UP, Uttar Pradesh; GJ, Gujarat
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fumigated with alminium phosphide. The
seeds were stored at room temperature in
air-tight aluminium cans.

For seed weight, 3 replication, each of
100 seeds were weighed. Studies on seed
germination in polybags and growth in
nursery beds and in field were carried out
at the campus of Haryana Agricultural
University, Hisar located in North-western
India (29°10N’ lat., 75° 46’E long., 215 m
alt.). Seeds were surface sterilized with
0.1% HgCl, and rinsed with distilled water.
After one month, the germination
percentage of seeds sown in polybags, was
observed.

The seeds of 50 ‘plus’ trees were sown
directly in the nursery beds and after 18
months, height, collar diameter and dry
weight of plants were recorded. In the
nursery, there were 5000 seedlings
arranged in RBD design, each mother tree
was represented by 100 seedlings.
Simultaneously, 3-month old seedlings
were transplanted in the field where each
mother tree was having 12 seedlings
distributed into 3 blocks; total seedlings
thus, were 600 of 50 ‘plus’ trees.

Results

There was significant (P<0.05)
variation for seed weight of 10 mother
trees of each state and also between states
(Table 1). The seed weight varied from
12.1 g/100 seeds of HR-10 to 21.5 g/100
seeds of BH-9. The mean seed weight was
maximum of the Gujarat progeniesi.e. 18.6
g/100 seeds closely followed by progenies
of Bihar i.e. 18.5 g/100 seeds, and the
minimum (15.9 g/100) was that of Madhya
Pradesh seed sources. The general
coefficient of variation (cv) was 10.4 per
cent.

Growth variation in progenies of 50 ‘plus’ trees of Acacia nilotica (L.)...
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It was interesting to note that weight
of the seed was significantly and positively
correlated with longitude (r = 0.525,
p<0.01), altitude (r = 0.431, p<0.01) and
rainfall (r =0.497, p<0.01). The correlation
with latitude was however, insignificant.

Seed germination carried out in
polythene bags showed wide variation
among progenies of each state and also
between the states. Germination
percentage after one month ranged from
27 per cent of HR-5 to 86 per cent of UP-8
(Table 1). The maximum mean germination
percentage was observed of the Uttar
Pradesh progenies and minimum of the
Gujarat progenies.

Similarly, height of one month old
seedlings in polythene bags showed wide
variation, and in general, maximum
growth was recorded of Uttar Pradesh
progenies (16.3 cm) and minimum (12.3
cm) was that of the Gujarat progenies
(Table 1). In general, the seedling height
ranged from 7.9 cm of GJ-9 to 18.4 cm of
UP-2.

The growth of 18 months old plants in
the nursery after direct seed sowing varied
significantly (P<0.05) among 10 mother
plants of each state and also between states
(Fig. 2). The height of the plants ranged
from 1.4 m of GJ-4 to 3.1 m of BH-4, the
collar diameter from 11 mm of GH-4 to 19
mm of HR-7 and the dry weight of plant
from 465 g/plant of GJ-4 to 1009 g/plant of
BH-4. The maximum growth was attained
by the progenies of Bihar followed by those
of Uttar Pradesh and minimum were that
of Madhya Pradesh, and statistically the
differences were significant (P<0.05). Two
seed sources of Haryanai.e. HR-5 and HR-
6 showed exceptionally superior growth in
all its 10 progenies.
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The growth of plants of most of the
progenies varied significantly (P<0.05) in
the field also (Fig. 3). The height of the
plants of 18 months old ranged from 1.3 m
of GJ-4 to 3.0 m of BH-4, the collar
diameter from 11 mm of GJ-4 to 19 mm of
HR-7 and the dry weight from 455 g/plant
of GJ-4 to 988 g/plant of BH-4. Progenies
such as HR-5 and HR-6 which showed
exceptionally superior growth in the
nursery also showed superiority in the
field. In general, the maximum growth
was attained by the progenies of Bihar
followed by progenies of Uttar Pradesh
and the minimum was that of Madhya
Pradesh.

The mean of the progenies (10 from
each state) was calculated for 18-month
old plants growing in the nursery, and it
was observed that height, collar diameter
and dry weight of plants were maximum
of the Bihar progenies i.e. 2.8 m, 17.9 mm
and 904 g/plant, respectively and the
minimum were of the Madhya Pradesh
i.e. 1.8 m, 13.7 mm and 551 g/plant,
respectively (Table 2). Similar trends were
observed for 18-month old plants growing
in the field.

Height, collar diameter and weight of
plants in nursery or field did not show any
significant correlation with latitude,
longitude, altitude or rainfall of the places
of the seed origin.

Discussion

The seed characteristics of 50
progenies of A. nilotica ssp. indica in the
present study showed large variation. Seed
weight ranged from 12.1 g to 21.5 g/100
seeds, and in general, the mean seed
weight of progenies of Gujarat State were
higher closely followed by Bihar and lowest
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was that of Madhya Pradesh. The variation
in seed weight could be due to the embryo
genotype and ovary size, which may be
the genetic character of different
populations. Similar types of data have
been recorded by other workers in Acacia
nilotica (Shivkumar and Banerjee, 1986;
Vanangamudi et al., 1998; Bagchi, 1999).

Seed germination percentage also
showed large variation; it ranged from 27
to 86 per cent. The overall mean
germination percentage was higher of the
progenies of Uttar Pradesh State and lower
of the Gujarat State. Percentage of seed
germination might be affected by the
hardness of seeds due to their seed coat.
The variation in seed coat hardness/
sensitivity of different provenances
resulted in differential germination. The
variation in the hardness of seed is possibly
due to different environmental conditions
of their place of origin. Bagchi (1992) and
Ginwal et al. (1995) also reported similar
results for Acacia nilotica ssp. indica.

The growth of plants of 50 progenies
after 18 months in the nursery and field
showed significant differences (P<0.05).
The progenies of Bihar showed higher
plant height, collar diameter and dry
weight and minimum growth was that of
the progenies of Madhya Pradesh State.
Although, we could not get published
information on growth of progenies of plus
trees from different states, yet there are
some literature available on provenance
variation in Acacia nilotica (Mathur et al.,
1984; Bagchi and Dobriyal, 1992; Bagchi,
1999; Rawat and Singh, 2000).

There are only a few studies made on
reproductive biology of Acacia nilotica, on
this basis of which the wide variation found
in the present study, could be explained.
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Table 2
Mean values of growth of 18-month old plants of 10 progenies of each state
in the nursery and field

States Height (m) Collar diameter (mm) Weight (g/plant)

Nursery Field Nursery Field Nursery Field
Haryana (HR) 2.3 2.2 16.4 16.3 787 771
Madhya Pradesh (MP) 1.8 1.7 13.7 13.6 551 542
Bihar (BH) 2.8 2.7 17.9 17.7 904 885
Uttar Pradesh (UP) 2.6 2.5 17.7 17.6 894 873
Gujarat (GJ) 1.8 1.7 14.6 14.5 624 612

Nevertheless, Tybirk (1989) described
the floral structure of Acacia nilotica in
Kenya. According to this study, there are
two types of flowers i.e. unisexual and
hermaphrodite in Acacia nilotica, and out
of which 1/3" are hermaphrodite of which
about 30% set seeds indicating cross
pollination behavior of the species.

Further, there are reports that
hybridization is frequent in Acacia nilotica
complex (Ali and Qaiser, 1980). The hybrid
population may backcross with Acacia
nilotica ssp. indica and A. nilotica ssp.
hemispherica producing plants similar to
A. nilotica ssp. adstringens and A. nilotica
ssp. subulata, respectively. There are well
proved hybrids of Acacia nilotica ssp.
indica and A. nilotica ssp. cupressiformis.

It is interesting to note that the period
of flowering in A. nilotica ssp. indica is
quite long in North-western India.
Flowering starts in July and continues
until mid-November. During summer (July
to October) however, there is no
fertilization due to high temperature.
Successful fertilization occurs in mid-
November, and interestingly, the fertilized
ovules remain dormant during winter

(December to February) and the growth of
the fertilized ovule occurs subsequently
during spring season and pods mature
during May and June (K.S.Bangarwa,
personal communication). In southern and
middle parts of India, the seeds mature
one month earlier as compared to North-
western India. The variation found in the
growth of different progenies in the present
study, could also be attributed to floral
biology and different maturation period
for pods because Acacia nilotica ssp. indica
has a wide range of distribution and occurs
over large range of agro-climatic conditions
in India.

Acacia nilotica ssp. indica occurs on
wide varieties of soil types including
saline soils. An important study revealed
that provenances of Acacia nilotica ssp.
indica exhibit differential response in
growth in saline soils ranging from 4 to 12
ECe (Bimlendra et al., 2002), which is
perhaps due to physiological adaptation,
and hence, explains the variation within
populations.

The variability in A. nilotica ssp.
indica is of great significance in breeding
work. The growth characteristics in the



2006]

nursery explain the variation and vigour
of the species which are ultimately
correlated with survival and production
(Burley and Wood, 1976). Thus, the study
may be helpful in selection of better
genotypes which may be useful in
establishment of seed orchards of this
important multipurpose species.

Fifty progenies discussed in the
present study were also studied for
nitrogen fixing ability in another
experiment by us. Bihar progenies showed
higher nitrogen fixing ability closely
followed by Uttar Pradesh progenies and
lower were that of Madhya Pradesh
progenies. The means of progenies of each
state also varied significantly having the
highest value for Bihar provenance and
the lowest for Madhya Pradesh
provenance. Significant positive (P<0.01)
correlation was observed in between the
number of nodules, dry weight of nodules,
plant dry weight and nitrogen
concentration (Arya, 2002). Our earlier
work also reported wide variation in
nitrogen fixing abilities among progenies
of this species (Beniwal et al., 1994; Toky
et al., 1995).

The 30 progenies of three states
(Haryana, Uttar Pradesh, Gujarat) were

Growth variation in progenies of 50 ‘plus’ trees of Acacia nilotica (L.)... 1617

also subjected to esterase and peroxidase
isoenzyme analysis. The similarity value
ranged from 0.214 to 1. In general, less
genetic diversity was observed in Gujarat
provenance, medium in Uttar Pradesh and
wider in that of Haryana, and there were
similarities between some progenies of 3
states. The phenetic tree or dendrogram
revealed the co-efficient level of 0.53 and
three clustersi.e. A, B and C with 6, 8 and
10 progenies, respectively (Arya and Toky,
unpublished).

Conclusion

Wide variability in growth of
progenies of 50 plus trees collected from 5
states was observed. After 18-month
growth, the progenies of Bihar and Uttar
Pradesh showed significantly higher
height, collar diameter and dry weight of
plants while minimum growth was
observed in the progenies of Madhya
Pradesh State. This is a long-term study,
and the superiority of the seed sources
would be known after at least 10 years of
the growth in the field. The wide variability
in A. nilotica ssp. indica is of great
significance in breeding work. The study
would be useful in selection of better
genotypes, and further establishment of
seed orchard.
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SUMMARY

Acacia nilotica ssp. indica, an important agroforestry tree occurs extensively on farmlands
throughout semi-arid India. The seeds of 50 ‘plus’ trees were collected from 5 states of Central
India (21°14' N to 29°59’ N lat., 72°38’ E to 85°20’ E long., 55 m to 655 m alt.), and studies on seed
germination in polybags and growth in nursery beds and in field were carried out at the
campus of Haryana Agricultural University, Hisar located in North-western India (29°10 N’
lat., 75°46’ E long., 215 m alt.). The seed weight of 50 plus trees ranged from 12.1 g to 21.5 g/100
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seeds and seed germination from 27 to 86 per cent. Weight of the seed was significantly and
positively correlated with longitude (r = 0.525, p<0.01), altitude (r = 0.431, p<0.01) and rainfall
(r =0.497, p<0.01). The correlation with latitude was however, insignificant. The growth of 18
months old plants in the nursery varied significantly (P<0.05) among 10 mother plants of each
state and also between states. The height of the plants ranged from 1.4 m of GJ-4 to 3.1 m of
BH-4, the collar diameter from 11 mm of GH-4 to 19 mm of HR-7 and the dry weight of plant
from 465 g/plant of GJ-4 to 1009 g/plant of BH-4. Two seed sources of Haryana i.e. HR-5 and HR-
6 showed exceptionally superior growth in all its 10 progenies. Similar trends were observed
for plants growth in the field. The wide variability in A. nilotica ssp. indica is of great
significance in selection of better genotypes, and further establishment of seed orchard.

Tgadl IRd § g@fyar Hefear (o) facso MY oo SUWfa 3@ (72fo)
I @ 50 O gl @ dwraal ¥ gfg fafrar
THo I T 3MoYlo eIl
ARTY

FBIT e Iustia seHE AEYH IR ¥ Fa9 Wl W AR § a8 S+ aredl
AEaqul BT e & | $9P 50 51S gell & diol Feddl MRd & uid q9dl (21°14° IR
W 29° 59' ITR AETT, 72° 38' Y ¥ 85° 20" Yd QTRR, 55 Hlo ¥ 655 Hlo HaTs) H UHAT fHy
MY 3R I= BRIV SN feafdencry, R, IR ulRer YRa d Rerd (29° 10" IR 3ferer 75°
46' 4 TR, 215 Mo SHars) IR # iferefie Siferar Aol iRk &= # g 377 SISfigR &
e fHaT AT | S99 50 4155 el T o MR 12.1 TH H 21.5 T /100 dIsT TP T 3MR AR
27 W 86% T X&T| dIol BT IR TR (r = 0.525, p < 0.01), SHaTs (r = 0.431, p < 0.01) 3R auf
(r=0.497, p <0.01) & AT WfHT: IR gATHG FEAE AT AT TAT| fIeg AR § IHST
HEHER] 0 YRIT TA7 | A9 H TG 18 A & Urel Pl 9edR H UhD Iod B 10 AN ISyl
3R It H Y BB R (p < 0.05) YEAT URIT AT | Wl &7 SHaTg GJ - 4 BT 1.4 Ho A MDY,
BH-4 &I 3.1 Hlo d&, ¥ R & GH-4 & 11 Al | SFMERHR-7 & 19 A &, Urey &1
eh AR GJ-4 & 465 UTH /U I TR BH-4 & 1009 ITH /U T I&dT 9rdm 17 | ERaTon
@ < IS Al AATT HR-5 3R HR-6 7 370+ AT 10 Fwfcrdl # JTATIRYT 4155 9gar UeRid @ |

O & YA &5 e e i @ 9edR H < &I el | sl Fencer SuSiia g7osd
# Ur$ S arell Sarer fAafr=iar Ssdr SRS & gAd $R IR 9IS Sl @) RO B
@ gfic | 98T W' BT 2|
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